Background: The aim of this study was to analyze the preoperative attributes and clinical impacts of complete pericardiectomy in chronic constrictive pericarditis. Methods: A total of 26 patients were treated from January 2001 to December 2013. The pericardium was resected as widely as possible. When excessive bleeding or hemodynamic instability occurred intraoperatively, a cardiopulmonary bypass (CPB; n=3, 11.5%) or an apical suction device (n=8, 30.8%) was used. Patients were divided into 2 groups: those who underwent ≥ 80% resection of the pericardium (group A, n=18) and those who underwent ＜80% resection of the pericardium (group B, n=8). Results: The frequency of CPB use was not significantly different between groups A and B (n=2, 11.1% vs. n=1, 12.5%; p=1.000). However, the apical suction device was more frequently applied in group A than group B (n=8, 30.8% vs. n=0, 0.0%; p=0.031). The postoperative New York Heart Association functional classification improved more in group A (p=0.030). Long-term follow-up echocardiography also showed a lower frequency of unresolved constriction in group A than in group B (n=1, 5.60% vs. n=5, 62.5%; p=0.008). Conclusion: Patients with chronic constrictive pericarditis demonstrated symptomatic improvement through complete pericardiectomy. Aggressive resection of the pericardium may correct constrictive physiology and an apical suction device can facilitate the approach to the posterolateral aspect of the left ventricle and atrioventricular groove area without the aid of CPB.
Introduction
A pericardiectomy is performed to relieve constricted physiology as the standard treatment for constrictive pericarditis [1] . However, not all cases of pericardiectomy yield satisfactory clinical results. Some patients may not benefit from pericardiectomy due to abnormal myocardial compliance, myocardial atrophy after prolonged constriction, or residual constriction of other myocardial processes [2] . With high early morbidity and mortality, individual pericardiectomy procedures have uncertain efficacy in symptomatic improvement. Previous studies have evaluated the etiology of pericarditis, the extent of pericardiectomy procedures, the preoperative functional status of patients, and renal dysfunction [1, 3, 4] . The aim of this study was to assess: (1) the extent of pericardiectomy, (2) the importance of complete pericardiectomy, (3) prognostic factors for functional and hemodynamic recovery, and (4) the role of the apical suction device during − 23 − pericardiectomy in widening resection extent and stabilizing intraoperative hemodynamics without the aid of cardiopulmonary bypass (CPB).
Methods

1) Patients
We reviewed the medical records of 46 patients who underwent pericardiectomy for chronic constrictive pericarditis from January 2001 to December 2013. Isolated pericardiectomy was indicated for patients complaining of dyspnea or generalized edema with echocardiographic evidence of constrictive physiology. Patients with concomitant cardiac procedures were excluded. Patients without records on the extent of the pericardiectomy or follow-up computed tomography (CT) examination and echocardiography were also excluded. Finally, a total of 26 patients were analyzed in respect to preoperative and intraoperative characteristics, including etiology and underlying medical conditions, and preoperative CT and echocardiographic findings in the left ventricular function were also collected [5] [6] [7] [8] [9] . Postoperative outcomes were determined by the dyspnea scale of the New York Heart Association (NYHA) functional classification and echocardiographic results at the last outpatient clinic follow-up (≥6 months after operation). Postoperative CT images were compared to preoperative ones to quantify the residual calcified or thickened pericardium.
2) Surgical strategy
All the pericardiectomies were performed through the full median sternotomy. The intent was to resect constrictive pericardium as much as possible. When calcification invades the myocardium deeply, epicardial relief is provided with a sharp incision to resolve constriction, which is called 'pericardial meshing' or the 'turtle cage technique' [10, 11] . An apical suction device was used when manipulation of the heart led to hemodynamic instability, and CPB was used when excessive bleeding was difficult to control without decompression. Patients were divided into 2 groups according to the extent of pericardial resection reported in operation records and from preoperative and postoperative CT findings: those who underwent ≥80% resection of the pericardium (group A, n=18) and those who underwent ＜80% resection of the pericardium (group B, n=8).
3) Statistical analysis
Continuous variables were expressed as mean±stand-ard deviation and compared by using the Student t-test. The differences in the NYHA functional classification and median follow-up time were tested by using the Mann-Whitney U-test. Categorical variables were expressed as frequency and percentage. The differences in frequency were analyzed by using the chi-square test or the Fisher exact test. Long-term overall survival was plotted as Kaplan-Meier curves and analyzed by using the log-rank test. Prognostic factor analysis for hemodynamic and functional recovery was performed by using univariate logistic regression analysis. All reported p-values were two-sided, and a value of p＜0.05 was considered statistically significant. All statistical analyses were done by using IBM SPSS ver. 21.0.0.0 (IBM Co., Armonk, NY, USA).
Results
The preoperative and intraoperative characteristics of the patients are listed in Table 1 . The mean age was 57.7 years, and no significant difference was found between the 2 groups. The most common etiology was tuberculosis, followed by idiopathic pericarditis, and no significant difference between the 2 groups in etiology was identified. Past medical history did not differ between the 2 groups. The bilirubin levels were significantly lower in group A than in group B (1.2±0.6 mg/dL vs. 2.1±1.0 mg/dL, p=0.005). However, chronic liver disease or hepatomegaly in CT did not significantly differ between the 2 groups. The left ventricular ejection fraction and end-diastolic dimension were comparable in the 2 groups. Of the patients, 76.9% were assessed to have NYHA functional class III or IV dyspnea, which was not significantly different between the 2 groups (Fig. 1) . Preoperative CT demonstrated that group B tended to have more calcification of the pericardium and atrioventricular groove involvement, without statistical significance.
At operation, myocardial invasion was less frequent in group A than in group B (n=5, 27.8% vs. n=7, 87.5%; p=0.009). The use of CPB was comparable in groups A and B (n=2, 11.1% vs. n=1, 12.5%; p=0.999), and the duration of CPB use was 48, 56, and 73 minutes, respectively, in 3 patients. An apical suction By Mann-Whitney U-test.
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device was used more frequently in group A than in group B (n=8, 44.4% vs. n=0, 0.0%; p=0.031). Preoperative central venous pressure measured in the operating room was lower in group A than in group B (17.7±4.7 mm Hg vs. 21.6±3.2 mm Hg). However, postoperative central venous pressure did not differ between groups A and B (7.2±4.0 mm Hg vs. 8.9±2.4 mm Hg).
The functional and hemodynamic outcomes of these 2 groups were evaluated on the basis of the NYHA functional classification and echocardiographic follow-up results (Table 2 ). Improvement in dyspnea was more frequent in group A, although not significant (p=0.063). Although the preoperative NYHA functional classification was not different between 2 groups, postoperative NYHA functional classification was significantly lower in group A (p=0.030). The change of distribution in NYHA functional classification is depicted in Fig. 1 . Immediate postoperative echocardiographic findings demonstrated that residual constriction was more infrequent in group A compared to group B (n=3, 16.7% vs. n=6, 75.0%; p= 0.008): Long-term follow-up echocardiography showed that the frequency of residual constriction was lower Ratio of blood urea nitrogen to serum creatinine.
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Cardiopulmonary bypass or apical suction device utilization. in group A than in group B (n=1, 5.6% vs. n=5, 62.5%; p=0.004).
There were no occurrences of 30-day or in-hospital mortality. During the median follow-up of 66.65 months, late mortality occurred in 6 patients; in 3 patients, this was the result of a cardiac problem. Although Kaplan-Meier overall survival curve showed Group A experience lower mortality rate, log-rank test could not validate statistical significance (Fig. 2) .
Univariate logistic regression analysis revealed that incomplete pericardiectomy (group B) may be the sole significant risk factor for both functional and hemodynamic outcomes. Myocardial calcification at operation was associated with poor hemodynamic recovery, although the difference between the 2 groups was not − 27 − significant (p=0.061). Multivariate logistic regression analysis was not available due to multiple co-linearity among preoperative characteristics (Table 3) .
Discussion
The terms used to refer to a comprehensive extent of pericardiectomy may vary, including 'complete,' 'total,' or 'radical' pericardiectomy. Bertog et al. [12] have defined complete pericardiectomy as the phrenic-to-phrenic resection of the pericardium. Chowdhury et al. [1] have defined the extent of total pericardiectomy as a wide excision of the pericardium with the phrenic nerves defining the posterior extent, the great vessels including the intrapericardial portion of the superior vena cava-right atrium junction defining the superior extent, and the diaphragmatic surface including the inferior vena cava-right atrium junction defining the inferior extent. In addition, McCaughan et al. [13] have described radical pericardiectomy that includes excision of the pericardium posterior to the left phrenic nerve, which is left on a pedicle, to the left pulmonary veins. While the literature differs on the exact extent of resection, most previous publications suggest that the phrenic-to-phrenic extent of pericardium should be resected for symptom relief and hemodynamic improvement, which is consistent with our strategy and findings [1, 2, 11] . Like other studies, we found that the NYHA functional class was significantly lower postoperatively in those who underwent ≥80% resection of the pericardium (group A), while the classification was comparable in groups A and B preoperatively. Pericardial meshing or the turtle cage technique is also an alternative when calcification invades the myocardium, a situation associated with increased risk for complete resection [10, 11] . When severe myocardial invasion made it dangerous to perform complete pericardiectomy in our patients, an epicardial incision was made in the area where pericardium was not resected. Due to this selective approach, the early postoperative outcomes of our patients showed no early mortality or reoperation for bleeding control, whereas overall mortality rates have been reported to be nearly 5%-6% in the literature [2] . However, symptom relief after incomplete pericardiectomy was quite suboptimal. Six out of 8 patients were still NYHA functional class III or IV dyspneic and constrictive physiology persisted in these 6 patients.
To resect the pericardium as widely as possible, elective and routine use of CPB during pericardiectomy was once recommended by Copeland et al. [14] . In contrast, Chowdhury et al. [1] applied CPB only in 7 out of 395 patients, who suffered complications from excessive bleeding. They suggested that total pericardiectomy is feasible without routine use of CPB. In a Japanese nationwide study of pericardiectomy for constrictive pericarditis, patients with CPB showed higher mortality, reoperation rates due to bleeding, postoperative renal failure, and atrial fibrillation [15] . George et al. [3] also demonstrated CPB to be a single significant risk factor for early postoperative mortality, although the results were derived from retrospective data. In this context, our center has not routinely used CPB during pericardiectomy, reserving it for patients with excessive bleeding that is difficult to control without decompression of the cardiac chamber under CPB support. In a review of our group B patients, most had difficulty in the dissection of the left ventricle posterolateral surface, which is in agreement with other reports [15] . Approaching the left ventricle lateral side, displacement of the heart drops blood pressure and thus hinders meticulous dissection. In such circumstances, we have used an apical suction device, which has well-established benefits in off-pump coronary artery bypass, minimizing hemodynamic instability during displacement of the heart. This kind of expanded application of an apical suction device in pericardiectomy has been introduced previously. Athanasiou et al. [16] have argued that this novel use of the apical suction device can facilitate division of pericardial adhesion and reported 2 cases of complete pericardiectomy avoiding the use of CPB. Fukumoto et al. [17] have also reported a case of off-pump pericardiectomy using an apical suction device. However, collective analysis has not been reported of the clinical impact when an apical suction device is applied in pericardiectomy. Although the use of an apical suction device was not a direct positive prognostic factor for the outcome, our study demonstrated that it was advantageous in accomplishing complete pericardiectomy.
Many studies have examined prognostic factors for long-term outcomes after pericardiectomy [2] . However, most of these studies have analyzed factors relating to survival [4, 12, 18] . Schwefer et al. [2] reported that − 28 − the likelihood of survival with post-surgical constrictive pericarditis was lower than with idiopathic constrictive pericarditis, but significantly better than with postradiation constrictive pericarditis. With only 6 cases of late mortality, we also compared survival according to the extent of pericardiectomy, which did not present any significant difference. With only 3 cardiovascular deaths, it was not feasible to demonstrate a significant survival difference. Former risk factor analysis for the late functional outcome revealed age, previous radiation, and ascites as poor prognostic factors [19] . However, in our study population, we found no specific etiologies affecting postoperative outcomes, which may have been attributable to our patient population, which mainly included tuberculous pericarditis, with only 1 patient with malignancy and no postradiation pericarditis.
Although statistical significance was not evident, an intraoperative finding of myocardial invasion of calcification showed marginal statistical significance in terms of hemodynamic improvement. The preoperative CT finding of calcification had been regarded as a candidate for poor prognostic factors associated with intraoperative myocardial invasion of calcification. It has been reported that pericardial calcification is more common in mortality cases, but not an independent risk factor for long-term survival after pericardiectomy [12] . On the other hand, another report has revealed that pericardial calcification is an independent risk factor for long-term survival, along with surgical approach, extent of pericardiectomy, tuberculosis, and other clinical conditions [1] . Our data showed a tendency for the presence of preoperative pericardial calcification to be a poor prognostic factor for hemodynamic outcomes, but not for survival; this finding did not show statistical significance.
Since this is a retrospective study, it may have a selection bias. However, our results are meaningful in that this was an analysis of functional and hemodynamic outcomes, not of survival. A strength of this study is that it reports on the role of the apical suction device in pericardiectomy.
In summary, complete pericardiectomy may result in better functional and hemodynamic recovery for chronic constrictive pericarditis after long-term follow-up. Pericardial calcification on preoperative CT scans and myocardial calcification at operation were more frequently observed in patients undergoing incomplete pericardiectomy, which limited the resection extent. On the other hand, use of an apical suction device widened the extent of pericardiectomy, especially for the lateral surface of the left ventricle.
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